Varietal variability in seed contents of 6 antinutritional factors (ANFs) of importance in cowpea was studied using 104 accessions. The aim of the study was to help broaden the selection guide for cowpea lines for consumption especially for individuals who depend largely on cowpea for protein and for selection of cultivars with intrinsic potentials to resist insect pest infestation for cultivation by farmers. The Phytic acid content varied from 2.58 -3.91 with a mean value of 3.09 ± 0.24 mg/g; Oxalate ranged from 0.57 -0.99 with a mean of 0.78 ± 0.08 mg/g; Trypsin inhibitor ranged from 14.98 -27.93 with an average of 21.39 ± 2.41 TIU/mg; Hemagglutinin varied very widely from 5.10 -83.00 with a mean of 63.92 ± 10.72 HU/mg; Tannin varied from 2.14 -4.21 with a mean of 3.08 ± 0.54 mg/g; whereas Cyanogenic glycoside ranged from 370.0 -402.0 with an average value of 388.63 ± 8.48 mg/kg. We report here a very high degree of variability in all the ANFs among the accessions (p < 0.0001), suggesting ample opportunities -to select cultivars of choice for consumption, for genetic improvement of the crop, and for possible presence of accessions with natural ability to resist pest attack.
INTRODUCTION
Cowpea, generally called beans in Nigeria, belongs to the family Leguminosae, subfamily Faboideae, tribe Phaseoleae, genus Vigna, subgenus Ceratotropis and species unguiculata (Mahalakshmi et al., 2007) . It is a very important legume food for both humans and animals, because of its high protein, vitamins and minerals contents (Nielsen et al., 1997; Singh et al., 1997) . The crop is consumed in many forms: the young leaves, green pods and green seeds are eaten as vegetables whereas dry seeds are used in a variety of food preparations (Nielsen et al., 1997) . The seeds contain about 25% protein and serve as a major source of protein for the poor in Africa, while the haulms are also very nutritious, containing about 15 to 17 % highly digestible protein and useful as fodder for livestock (Li et al., 2001; Nielsen et al., 1997; Singh, 2007; Tarawali et al., 1997a and Tarawali et al., 1997b) .
It is known that cowpea protein is rich in the amino acids, lysine and tryptophan, relative to cereal grains, but deficient in the sulphur containing amino acids (SAAs), methionine and cysteine, when compared to animal protein. Its seeds are therefore useful as nutritional supplement to cereal and extender of animal protein (Steele, 1985) . However, the relative low SAA content of beans may provide an advantage in calcium retention. As noted by (Chan, 1974; Remer and Manz, 1994) , SAA metabolism may be partly responsible for the reported hypercalciuric effect of protein. The authors opined that the hydrogen ions (H + ) released from metabolism of SAA in the body cause demineralization of bones and a consequent excretion of calcium in the urine. (Kerstetter and Allen, 1989) reported an estimated loss of one milligram of calcium for every one gram of animal protein consumed. Therefore, cowpea protein, being low in SAA content, may produce minimal loss of bone calcium relative to animal and non-legume derived proteins. Studies carried out by Anderson et al. (1987) and Breslau et al. (1998) on the effects of whey protein and a mixture of animal proteins respectively on urinary calcium excretion already support the above hypothesis.
Cowpea is also valued for its useful ability to fix atmospheric nitrogen through its root nodules, and grow well in poor soils (Davis, et al., 1991; Duke, 1981; Yost and Evans, 1988 and Singh, 2003) .
However as a legume crop, the presence of antinutritional factors is a major limiting factor to the optimal food use of cowpea (Liener, 1975) . Anti-nutritional factors (ANF) or antinutrients are plant's secondary metabolites which act to reduce food nutrient utilization (Soetan, 2008; Welch and Graham, 2004) . However, Akande et al., 2010 noted that being an antinutrient is not an intrinsic property of a compound but depends on the metabolic processes of the ingesting animal. For instance, Trypsin inhibitors, which are ANFs for monogastric animals, do not exert any antinutrient effects in ruminants because they are degraded in the rumen. It has been suggested that the reason for formation of ANFs in plants may be a way of storing excess nutrients or a means of defence from destruction by insect pests and grazing animals (Harborne, 1989; Welch and Graham, 2004) . The major ANFs in legumes include: protease inhibitors, lectins (phytohaemagglutinins), gossypol, goitrogens, antivitamins, phytates, saponins, estrogens, flatulence factors, chlorogenic acid, amylase inhibitors, allergens and lysinoalanine (Akande et al. 2010; Liener, 1981) . Luckily, most ANFs are heatlibile. However, heat-stable ANFs (e.g., phytate and polyphenols) are not eliminated by simple soaking and heating, but through germination or fermentation (Sridharand Seena, 2006) .
The objective of this study was to estimate the level of variations in the seed contents of some ANFs among cowpea varieties to provide a selection guide for safe cultivars for consumption especially for individuals who depend largely on cowpea for protein and for selection of cowpea lines with intrinsic potentials to resist insect pest infestation for cultivation by farmers.
MATERIALS AND METHODS Sample Collection and Preparation
A total of 101 cowpea genotypes, comprising of 97 Nigerian landraces and four exotic lines, were used. Two of the exotic cultivars have their origin in Sudan, one was from Cote d Ivoire, while one was from Mozambique. All the seeds were obtained from the Genetic Resources Unit of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. Before the analyses, the seeds were washed clean to devoid it of dirt, the seed coats were removed and the endosperms were ground into powder using a blender (Model, SMB -2898).
Determination of Seed Antinutrients Content Phytic acid was determined by a combination of two methods. The extraction and precipitation of phytic acid were performed according to the method described by Wheeler and Ferrel (1971) . Iron in the precipitate was measured according to the method of Makover (1970) . A 4:6 Fe/P ratio was used to calculate the phytic acid content. The titration method described by Day and Underwood (1986) was used to determine the oxalic acid content of the powdered seed samples. The trypsin inhibitor activity of the samples was determined by the method of Kakade et al. (1969) using casein as substrate, while hemagglutinating activity was determined by the serial dilution method using trypsinized rabbit erythrocytes and expressed as hemagglutinating unit (HU)/mg sample as described by Liener and Hill, (1953) . Tannins were determined as tannic acid equivalent by the colorimetric Folin-Denis method (Joslyn, 1970) , whereas cyanogenic glycoside was estimated by measuring the amount of hydrogen cyanide (HCN) released on hydrolysis using HCNAutoanalyser (Technicon -Pulse Instrumentation Ltd, Canada) according to the method of Rao and Hahn (1984) .
DATA ANALYSIS
The data were analyzed for significant variation by the ANOVA procedure. Differences were declared statistically significant at P < 0.05 and the means were separated by the Tukey's Studentized Range (HSD). Correlations among the variables were determined using the Pearson simple correlation procedure. All the analyses were performed at 95% confidence level using SAS Software version 9.1 (SAS Institute, 1998). Means and standard deviation values were computed using Excel Software.
RESULTS
The cowpea cultivars showed very high degree of genotypic variations in their seed contents of all the antinutritional factors analysed (p < 0.0001). The Phytic acid content of the 104 accessions varied from 2.58 -3.91 with a mean value of 3.09 ± 0.24 mg/g; Oxalate values ranged from 0.57 -0.99 with a mean of 0.78 ± 0.08 mg/g; Trypsin inhibitor levels ranged from 14.98-27.93 with an average of 21.39 ± 2.41 TIU/mg; Hemagglutinin varied very widely from 5.10-83.00 with a mean of 63.92 ± 10.72 HU/mg; Tannin varied from 2.14-4.21 with a mean of 3.08 ± 0.54 mg/g; while Cyanogenic glycoside ranged from 370.0-402.0 with an average value of 388.63 ± 8.48 mg/kg or ppm. The above results are summarized in Table 1 . (Grant, 1989; Liener, 1980; Oke, 1969) . For instance, phytic acid and Oxalic acid reduce mineral bioavailability that may lead to some mineral deficiency diseases e.g. anaemia (Guthrie and Picciano, 1995) , or form deleterious complexes with metal ions e.g. calcium-oxalate that leads to renal damage (Oke, 1969; Shukkur et al., 2006) . Notably, the presence of oligosaccharides in beans cause flatulence or gas production in the intestine with its associated discomfort and embarrassment that force some people to avoid eating beans entirely. It is because of the absence of the enzyme, α-galactosidase in the human intestinal mucosa to cleave the α-(1-6) galactose linkage in galactoside containing oligosaccharides (e.g. raffinose and stachyose), that allows these oligosaccharides to pass into the large intestine where bacteria ferment them forming large amounts of CO 2 , hydrogen gas and sometimes methane that are responsible for flatulence (Life Sciences Research Office, 1995) . However, digestive aids are now available commercially to allow people eat beans without flatulence (Life Sciences Research Office, 1995) and changing water one or more times during cooking can markedly reduce oligosaccharide levels in beans (Anderson et al., 1979) . Nevertheless, there are beneficial effects of these antinutrients. Some ANFs such as phytic acid, lectins, phenolic compounds, amylase inhibitors and saponins have been shown to reduce blood glucose, plasma cholesterol and triglycerides levels. Phytic acid, phenolics, saponins and protease inhibitors have also been associated with reduced cancer risks (Thompson, 1993; Sridhar and Seena, 2006; Graf and Eaton, 1990; Harland and Morris, 1995; Vucenik et al., 1997) . Because of the health benefits of some antinutrients, Thompson (1993) suggested a change in their name.
This study determined the variability of phytate, oxalate, trypsin inhibitors, hemagglutinin, tannin and cyanogenic glycosides among cowpea cultivars. The results revealed significant variations in all the ANFs among the cultivars. This agrees with earlier reports by Oluwatosin (1999) and Barampama and Simard (1993) , which attributed the variations to variety and location differences. Oluwatosin (1999) opined that the variability in the levels of ANFs in cowpea seeds depends largely on the environment where they are grown and by implication that a cowpea genotype grown and consumed safely in one environment can be poisonous when grown and consumed in another environment. The author reported that environmental effect was the major source of variation for tannins, haemagglutinin and phytic acid contents, whereas genotype was strongest in controlling trypsin inhibitor content. Mean separation analysis of the data showed that both protein and the antinutrients contents varied continuously among the cultivars with hemagglutinin having the highest variability (CV = 6.19 %). This study is important because, cultivars high in the ANFs including phytic acid, tannin and especially trypsin inhibitors such as TVu-9790 (27.40 ± 0.52) and TVu-7983 (25.93 ± 0.42) TIU/mg may be naturally more resistant to pest infestation than those with low antinutrient contents (Srinivasan and Durairaj, 2007; Oliveira, 1997; Udedibie and Carlini, 1998a; Udedibie and Nwaiwu, 1988; Oliveira et al., 1999) .
CONCLUSION
This study showed high degree of variability in the seed contents of all the ANFs with trypsin inhibitor and hemagglutinins showing greater degree of variations among the cowpea accessions. This finding could form a base for selecting cultivars of choice for consumption and genetic improvement of the crop. It also indicated the possible presence of accessions with natural ability to resist insect pest attack.
